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Description 

ADJUSTABLE PHASE CONTROLLED 
CLOCK AND DATA RECOVERY CIRCUIT 

BACKGROUND OF INVENTION 

[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to the field of data communications circuits; 
more specifically, it relates to a clock and data recovery circuit and a phase 
adjustable clock circuit. 

[0003] BACKGROUND OF THE INVENTION 

[0004] In clock and data recovery circuits (CDRs) for data communication streams 
operating at very high speeds clock signal noise and other circuit induced 
noise can result in increased data bit error rates. Examples of bit errors 
include zeros being reconstructed as ones and ones being reconstructed as 
zeros. 

SUMMARY OF INVENTION 

[0005] A first aspect of the present invention is a phase adjustable clock circuit 
comprising: means for generating a first and a second clock signal; and 
means for adjusting the phase of the first and second clock signals. 

[0006] A second aspect of the present invention is a phase adjustable clock circuit 



comprising: means for generating a first clock signal and a second clock 
signal; and means for receiving the first clock signal and for generating a 
third clock signal from the first clock signal and means for receiving the 
second clock signal and for generating a fourth clock signal, wherein at least 
one of the third and the fourth clock signals differ in phase from the first and 
the second clock signal respectively. 

[0007] A third aspect of the present invention is a clock and data recovery circuit 
comprising: means for generating a first and a second clock signal; means 
for receiving the first clock signal and for generating a third clock signal from 
the first clock signal and means for receiving the second clock signal and for 
generating a fourth clock signal, wherein at least one of the third and the 
fourth clock signals differ in phase from the first and the second clock signal 
respectively; means for receiving the third and fourth clock signals and a 
serial data stream and for generating a reconstructed serial data stream and 
a phase error signal; means for receiving the phase error signal and for 
generating a phase adjustment signal and means for receiving the phase 
adjustment signal by the clock generation circuit in a feedback loop to adjust 
the phases of the first and second clock signals. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] The features of the invention are set forth in the appended claims. The 
invention itself, however, will be best understood by reference to the 
following detailed description of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 



[0009] FIG. 1 is a related art data and clock recovery circuit; 



[001 0] FIG. 2 is a set of timing diagrams for the circuit of FIG. 1 ; 

[001 1] FIG. 3 is a block schematic circuit diagram of a data and clock recovery 
circuit according to a first embodiment of the present invention; 

[001 2] FIG. 4 is a set of timing diagrams for the circuit of FIG. 3; 

[0013] FIG. 5 is a block schematic circuit diagram of a data and clock recovery 
circuit according to a second embodiment of the present invention; 

[001 4] FIG. 6 is a set of timing diagrams for the circuit of FIG. 5; 

[0015] FIG. 7 is a schematic circuit diagram of a phase adjustment circuit utilized in 
the circuits of FIGs. 3 and 5; 

[001 6] FIG. 8A is a timing diagram of transient response of the circuit of FIG. 7; 

[001 7] FIG. 8B is a timing diagram of the phase response of the circuit of FIG. 7; 
and 

[0018] FIG. 8C is a timing diagram of the adjusted clock responses of the circuit of 
FIG. 7. 

DETAILED DESCRIPTION 

[0019] FIG. 1 is a related art data and clock recovery circuit. In FIG. 1 , a CDR circuit 
1 00 includes an oscillator 1 05, a phase detector and data recovery circuit 
1 1 0, a proportional/integral (PI) circuit 1 1 5 and a de-multiplexer 1 20. 
Oscillator 105 produces an in-phase clock signal I (hereafter l-clock) 125 and 
a quadrature-phase clock signal Q (hereafter Q-clock) 130 respectively at 
first and second outputs of the oscillator, l-clock 125 is connected to a first 



input of phase detector and data recovery circuit 1 1 0 and Q-clock 1 30 is 
connected to a second input of phase detector and data recovery circuit 1 1 0 
and to a first input of de-multiplexer 120. A serial input data stream 135 is 
connected to a third input of phase detector and data recovery circuit 1 1 0. 
Phase detector and data recovery circuit 110 produces a reconstructed 
serial data stream 140 which is connected to a second input of 
de-multiplexer 120 and a phase error signal 145 which is connected to an 
input of PI control circuit 115. Phase error signal 145 describes the phase 
error between input data stream 135 and Q-clock 130. PI circuit 115 
produces an oscillator control signal 150, which is connected to an input of 
oscillator 105. Oscillator control signal 150 is used to adjust l-clock 125 and 
Q-clock 130 relative to the phase and frequency of input data stream 135. 
The output of de-multiplexer 100 is a parallel data out stream 155. 

[0020] Reconstructed data stream 140 is synchronized with l-clock 125 and Q-clock 
130 by phase detector and data recovery circuit 110. De-multiplexer 120 
converts reconstructed serial data stream 1 40 from a serial data stream to a 
parallel data stream at 1/n of the input data stream frequency, where n is the 
width of the data out bus. 

[0021] l-clock 125 and Q-clock 130 are differential signals. Data in stream 135, data 
out stream 140, phase error signal 145 oscillator control signal 150 and data 
out stream 155 may be differential or single ended. 

[0022] FIG. 2 is a set of timing diagrams for the circuit of FIG. 1 . In FIG. 2, l-clock 
125 and Q-clock 130 are offset by 90 degrees, the Q-clock lagging the 
l-clock by 90 degrees. Since both l-clock 125 and Q-clock 130 are 



ntial signals, l-clock 125 contains clock pulses at 0 and 180 degrees and 
Q-clock 130 contains clock pulses at 90 and 270 degrees. These conditions 
define a quadrature phase clock system. Only the 0 degree l-clock and 90 
degree Q-clock are illustrated in FIG. 2. 

[0023] The edges of l-clock 125 are nominally aligned with the high/low of data in 
stream 135 usually half way between zero transitions, called the center of 
the eye, and the edges of Q-clock are nominally aligned with the zero 
transitions of data in stream 135. 

[0024] CDR circuit 1 00 (see FIG. 1 ) is susceptible to the "eye" of data in stream not 
being symmetrical or the CDR circuit itself (especially phase detector and 
data recovery circuit) introducing a static phase offset either of which may 
increase the bit error rate of data out stream 155. Additionally, the center of 
the eye may not be the optimal point for alignment of the edge of l-clock 125 
to produce the minimum bit error rate in data out stream 155. The circuit 
illustrated in FIG. 3 and described infra corrects the shortcomings of CDR 
circuit 100 (see FIG. 1) and reduce the bit error rate to a minimum. 

[0025] FIG. 3 is a block schematic circuit diagram of a data and clock recovery 

circuit according to a first embodiment of the present invention. In FIG. 2, a 
CDR circuit 200 includes an oscillator 205 (an example of a clock signal 
generation circuit), a phase detector and data recovery circuit 210, a 
proportional/integral (PI) circuit 215, a de-multiplexer 220 and first and 
second phase adjustment circuits 260A and 260B, each having a voltage 
control input, a phase in input and a reference phase input. Examples of 
phase detector and data recovery circuits include Alexander, Hogge and 



EXOR detectors and examples of PI control circuits include first order 
high-pass RC filters and resistor-less arrangements typically employing 
integral and proportional charge pumps. Phase input receives 0 and 180 
degree phase clocks and reference phase input receives 90 and 270 degree 
phase clocks. Oscillator 205 produces an in-phase clock signal I (hereafter 
l-clock) 225 and a quadrature-phase clock signal Q (hereafter Q-clock) 230 
respectively at first and second outputs of the oscillator, l-clock 225 is 
connected to the phase in input of phase adjust circuit 260A and the 
reference phase in input of phase adjustment circuit 260B. Q-clock 230 is 
connected to the reference phase input of phase adjustment circuit 260A 
and the phase in input of phase adjustment circuit 260B. A V gKEW signal 
265 is connected to the voltage control inputs of phase adjustment circuits 
260A. A zero volt reference voltage 270 is connected to the voltage control 
input of phase adjustment circuit 260B. Phase adjustment circuit 260B 
produces a quadrature-phase tuned clock signal (hereafter Q TUNE clock) 
275, which is connected to a first input of phase detector and data recovery 
circuit 210. Phase adjustment circuit 260A produces an in-phase tuned clock 
signal (hereafter l JUNE clock) 280, which is connected to a first input of 
de-multiplexer 220 and to a second input of phase detector and data 
recovery circuit 210. A serial input data stream 235 is connected to a third 
input of phase detector and data recovery circuit 210. Phase detector and 
data recovery circuit 210 produces a reconstructed serial data stream 240 
which is connected to a second input of de-multiplexer 220 and a phase 
error signal 245 which is connected to an input of PI control circuit 215. 
Phase error signal 245 describes the phase error between input data stream 
235 and Q-clock 230. PI circuit 21 5 produces an oscillator control signal 250, 



which is connected to an input of oscillator 205. Oscillator control signal 250 
is used to adjust l-clock 225 and Q-clock 230 relative to the phase of input 
data stream 235. The output of de-multiplexer 200 is a parallel data out 
stream 255. 

[0026] Reconstructed data stream 240 is synchronized with Q TUNE clock 275 by 
phase detector and data recovery circuit 21 0. Phase error signal 245 is the 
phase delta between data in stream 235 and Q TUNE clock 275. 
De-multiplexer 220 converts reconstructed serial data stream 240 from a 
serial data stream to a parallel data stream at 1/n of the input data stream 
frequency where n is the width of the data out bus. Phase adjustment circuit 
260A moves the edges l TUNE clock 280 through a phase range controlled by 
V SKEW 265 as illustratecl in F| G- 4 and described infra. By monitoring the bit 
rate error of data output stream 255, as the value of V SKEW signal 265 is 
changed, the value of V SKEW signal 265 that produces the minimum bit error 
rate may be determined. 

[0027] l-clock 225, Q-clock 230, l TUNE clock 280 and Q TUNE clock 275 are 

differential signals. Data in stream 235, reconstructed data stream 240, 
phase error signal 245 oscillator control signal 250 and data out stream 255 
may be differential or single ended. 

[0028] FIG. 4 is a set of timing diagrams for the circuit of FIG. 3. In FIG. 4, l-clock 
225 and Q-clock 230 are offset by 90 degrees, the Q-clock lagging the 
l-clock by 90 degrees. Since both l-clock 225 and Q-clock 230 are 
differential signals, l-clock 225 contains clock pulses at 0 and 180 degrees 
relative to rising l-clock edges and Q-clock 230 contains clock pulses at 90 



and 270 degrees. Only the 0 degree l-clock and 90 degree Q-clock are 
illustrated in FIG. 2. I TUNE 275 and Q TUNE 280 are offset by 90 degrees, the 
Q T(JNE clock lagging the l TUNE clock by 90 degrees. Since both l TUNE clock 
280 and Q TUNE clock 275 are differential signals, l TUNE clock 280 contains 
clock pulses at 0 and 180 degrees and Q TUNE clock 275 contains clock 
pulses at 90 and 270 degrees. Only the 0 degree l-clock and 90 degree 
Q-clock are illustrated in FIG. 2. The edges of l TUNE clock 280 are moveable 
through a tuning range 290 controlled by V SKEW signal 265(see FIG. 3). In a 
first mode of operation, the edges of l TUNE clock 280 (the dashed line 
represents the center of the range) are aligned via V SKEW signal 265 with 
the high/low transitions of data in stream 235. The edges of Q TUNE clock 
275 are nominally aligned with the zero transitions of data in stream 235. In 
a second mode of operation, edges of l TUNE clock 280 are purposefully not 
aligned with the high or low transitions of data in stream 235 but are offset 
(within tuning range 290) from the high/low transitions to give the minimum 
bit error rate for data output stream 255 (see FIG. 3). 

[0029] In one example, the bit rate is 40GB/sec and oscillator 205 (see FIG. 3) is 
running at 20GHz. The width of the data bit window is one data unit interval 
(UI DATA ) and for the present example is 25 ps. The period of the clock is 
one clock unit interval (UI CL0C K) and for the present example is 50 ps. The 

tuning range 290 is +/- 125 mUI Q LO cK or +/ ~ 90 de 9 rees - Tne clock phase 
reference in degrees or unit intervals (Ul) is with respect to the half-rate 
clock. The data phase reference in Ul units is doubled. Thus, a tuning range 
290 of +/- 1 25 m U 'clock 45 d e 9 rees clock) is equivelent to +/- 250 
mUlDATA (+/- 90 data). 



[0030] FIG. 5 is a block schematic circuit diagram of a data and clock recovery 

circuit according to a second embodiment of the present invention. In FIG. 5, 
a CDR circuit 200A is identical to CDR circuit 200 illustrated in FIG. 3 and 
described supra except that V gKEW clock 265 is connected to both voltage 
control inputs of phase adjust circuits 260A and 260B. While in clock and 
data recovery circuit 200 of FIG. 3, only l TUNE clock 280 is tunable, in clock 
and data recovery circuit 200A both l TUNE clock 280 and Q TUNE clock 275 
are tunable as may be seen from the timing diagrams of FIG. 6. 

[0031] FIG. 6 is a set of timing diagrams for the circuit of FIG. 5. In FIG. 6, I- clock 
225, Q-clock 230, l TUNE clock 280, and data in stream 235 are the same as 
in FIG. 4. Q TUNE clock 275 has been modified. The edges of both l JUNE 
clock 280 and Q TUNE clock 275 are moveable (together) through a tuning 
range 290 controlled by V gKEW signal 265 (see FIG. 5). In a first mode of 
operation, the edges of l TUNE clock 280 (the dashed line represents the 
center of the range) are nominally aligned (via V SKEW signal 265 (see FIG. 
5) with the high/low transitions of data in stream 235 and the edges of 
Q T(JN E clock 275 are nominally aligned (via V SKEW signal 265 (see FIG. 5) 
with the zero transition of data in stream 235. In a second mode of 
operation, edges of l JUNE clock 280 and Q TUNE clock 275 are purposefully 
not aligned with the high or low transitions of data in stream 235 but are 
offset (within tuning range 290) from the high/low transitions and zero 
transition respectively to give the minimum bit error rate for data output 
stream 255 (see FIG. 3). 



[0032] FIG. 7 is a schematic circuit diagram of a circuit diagram of a phase 

adjustment circuit utilized in the CDR circuits of FIGs. 3 and 5. Note phase 



adjustment circuits 260A and 260B of FIGs 3 and 5 respectively are identical 
circuits, only the signals on the in phase, reference phase and V CNTL inputs 
change. In FIG. 7, phase adjustment circuit 300 includes NPN bipolar 
transistors Q0, Q1 , Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, Q1 0 and Q1 1 ; 
resistors R0, R1 , R2, R3, R4 and R5; and current sources 11 , 12 and 13. The 
V REF phase bar in P ut of P nase adjustment circuit 300 is connected to the 
bases of NPN Q0 and Q3 and the V REF PHASE input of phase adjustment 
circuit 300 is connected to the bases of NPNs Q1 and Q2. The V pHASE |N 
input of phase adjustment circuit 300 is connected to the base of NPNs Q10 
and Q4 and the emitter of NPN Q10. The V pHASE |N bar input of phase 
adjustment circuit 300 is connected to the base of NPNs Q1 1 and Q5 and 
the emitter of NPN Q1 1 . The voltage control input (V GNT| _) of phase 
adjustment circuit 300 is connected to the base of NPN Q6 and the V CNT| _ 
bar of phase adjustment circuit 300 is connected to the base of NPN Q7. 
The output of phase adjustment circuit 300 (l TUNE clock 280 for phase 
adjustment circuit 260A and Q TUNE clock 275 for phase adjustment circuit 
260B of FIGs. 3 and 5) is coupled to the base of NPN Q9 and through 
resistor R5 to current source 13. The output bar of phase adjustment circuit 
300 (l TUNE clock 280 for phase adjustment circuit 260A and Q TUNE clock 
275 for phase adjustment circuit 260B of FIGs. 3 and 5) is coupled to the 
base of NPN Q8 and through resistor R4 to current source 13. 

[0033] The collector of NPN Q6 is connected to the emitters of NPNs Q0 and Q1 
and the emitter of NPN Q6 is connected to through resistor R0 to current 
source 11 . The collector of NPN Q7 is connected to the emitters of NPNs Q2 
and Q3 and the emitter of NPN Q7 is connected to through resistor R1 to 
current source 11 . Current source 11 is connected to V EE . The emitters of 



NPNs Q4 and Q5 are connected to current source 12. Current sources 13 is 
connected to V EE . The collectors of NPNs Q1 Q3 and Q4 are connected to 
the base of NPN Q9. The collectors of NPNs QO, Q2, Q1 0, Q5 are 
connected to the base of NPN Q8. The collectors of NPNs Q10 and Q5 are 
also connected to V cc through resistor R3. The collectors of NPNs Q4 and 
Q1 1 are also connected to V cc through resistor R2. The collectors of NPNs 
Q8 and Q9 are connected to V cc . 

[0034] In operation, with zero volts applied to V CNTL and V CNTL bar (V SKEW signal 
265 of FIGs. 3 and 5), the currents through NPNs QO, Q1 , Q2 and Q3 will be 
equal and the output current from the Q0/Q1 stage will cancel the current 
from the Q2/Q3 stage. Thus output and output bar will be controlled by stage 
Q4/Q5. 

[0035] With a positive voltage applied to V CNTL and an equal but negative voltage 
applied to V CNTL bar, the currents in stages Q0/Q1 and Q2/Q3 will be 
weighted to stage Q0/Q1 . The currents from the Q0/Q1 stage will sum with 
the current in the Q4/Q5 stage and the phase of the signal on output and 
output bar will be a mixture of the reference phase and the in phase input 
signal. If the currents in the Q0/Q1 stage and the Q4/Q5 stage are equal, the 
phase of the signal on output and output bar will be approximately equal 
between the phase of the in phase signal and the phase of the reference 
phase signal. The maximum resulting phase shift of the output and output 
bar signals is thus =/- 250 mill data (+/- 90 degrees data) (i. e 0 - 180/2 = 
-90 degrees or 270 - 90/2 = 90 degrees) or 125 mUI C LOCK from the P nase of 
output and output bar signals that results when V CNTL =0. 



[0036] With a negative voltage applied to V CNTL and an equal but positive voltage 
applied to V CNTL bar, the currents in stages Q0/Q1 and Q2/Q3 will be 
weighted to stage Q2/Q3. The currents from the Q2/Q3 stage will sum with 
the current in the Q4/Q5 stage and the phase of the signal on output and 
output bar will be a mixture of the reference phase and the in phase input 
signal. If the currents in the Q0/Q1 stage and the Q4/Q5 stage are equal, the 
phase of the signal on output and output bar will be approximately equal 
between the phase of the in phase signal and the phase of the reference 
phase signal. 

[0037] The ratio of currents through NPN Q8 and Q9 determine the amount of 

phase shift and is controlled by the sign and magnitude of V QNTL and V CNTL 
bar. 

[0038] Returning to FIG. 3, l TUNE 280 is rotated away from l-clock 225 by an 

amount controlled by V CNTL . Returning to FIG. 5, l TUNE 280 is rotated away 
from l-clock 225 by an amount controlled by V CNTL . Q TUNE 275 is rotated 
away from Q-clock 230 (in a direction opposite to the direction of rotation of 
Itune 280) by an amount controlled by V CNTL . In other words, l TUNE clock 
180 is advanced and Q TUNE clock 275 is retarded. Thus l TUNE and Q TUNE 
are always 90 degrees out of phase and when V CNT| _=0, Q-clock and 
Qtune are in phase. 

[0039] FIG. 8A is a timing diagram of transient response of the circuit of FIG. 7. In 
FIG. the magnitude of V CNTL (V SKEW signal 265) is plotted versus time. 

[0040] FIG. 8B is a timing diagram of the output phase response of the circuit of 

FIG. 7. In FIG. 8B, the phase of output and output bar is plotted versus time. 



Nominal is 250 mUl with a tuning range of +/- 125 mill. 



[0041] FIG. 8C is a timing diagram of the adjusted clock response of the circuit of 
FIG. 7. In FIG. 8C curve 305 is differential voltage l TUNE and curve 310 is 
differential voltage Q TUNE - 

[0042] The description of the embodiments of the present invention is given above 
for the understanding of the present invention. It will be understood that the 
invention is not limited to the particular embodiments described herein, but is 
capable of various modifications, rearrangements and substitutions as will 
now become apparent to those skilled in the art without departing from the 
scope of the invention. Therefore, it is intended that the following claims 
cover all such modifications and changes as fall within the true spirit and 
scope of the invention. 



